The knowledge about groundwater flow conditions within Volta river basin in Benin, has restricted information coming to piezometry, water storage time, water path, and water quality. A good groundwater resources assessment of this sudano-sahelian area, is a huge condition for the sustainable management of water resources, which since the part of the 20th century is facing a severe drought that leads to a greater aridity. This article provides a summary with the main elements of carbon isotope ( 13 C and 14 C) as well as tritium ( 3 H) coupled with hydrogeological and hydrochemical data. The goal is to improve the initial water recharging and the groundwater flow system within the aquifer. Two main results can be produced from the groundwater chemistry. First, the interactions between groundwater and clay minerals related to the residence time of groundwater are indicated by a slight evolution of Ca-HCO 3 and Ca-Mg-HCO 3 to Na-HCO 3 . Beside that towards water types Cl-NO 3 indicates the anthropogenic influence on groundwater, related to agricultural activities and sanitation conditions. The carbon-14 activity measured on the TDIC is between 17.29 and 85.47 pmC. Therefore, it contains some samples covering a wide period of time from now to the Holocene implying a continuous system recharging over time.
The knowledge about groundwater flow conditions within Volta river basin in Benin, has restricted information coming to piezometry, water storage time, water path, and water quality. A good groundwater resources assessment of this sudano-sahelian area, is a huge condition for the sustainable management of water resources, which since the part of the 20th century is facing a severe drought that leads to a greater aridity. This article provides a summary with the main elements of carbon isotope ( 13 C and 14 C) as well as tritium ( 3 H) coupled with hydrogeological and hydrochemical data. The goal is to improve the initial water recharging and the groundwater flow system within the aquifer. Two main results can be produced from the groundwater chemistry. First, the interactions between groundwater and clay minerals related to the residence time of groundwater are indicated by a slight evolution of Ca-HCO 3 and Ca-Mg-HCO 3 to Na-HCO 3 . Beside that towards water types Cl-NO 3 indicates the anthropogenic influence on groundwater, related to agricultural activities and sanitation conditions. The carbon-14 activity measured on the TDIC is between 17.29 and 85.47 pmC. Therefore, it contains some samples covering a wide period of time from now to the Holocene implying a continuous system recharging over time.
All the data confirm the assumption of a homogeneous, largely unified aquifer system with a multi-layer structure, but it also points out the low resource sustainability and a strong anthropogenic contamination of the most superficial horizons.
Introduction
Groundwater is the main source of water for domestic and other uses in many rural and urban areas of the Volta river basin in Benin [1] , because of the scarcity of available surface water resources in the region. In addition, surface waters that are often highly polluted were the root of Guinea worms, infestations and cholera [2] .
Since then, most groundwater has been protected from surface activities; indeed it is often considered to be a higher-quality water that does not need treatment before use.
However, it is currently threatened by various sources of contamination. Over the past two decades, this basin has been experiencing a significant economic boom, with an increase of agricultural activity, coupled with a strong population growth. According to the fact that water is a huge part of this development it is necessary to acknowledge about the quality of this resource [3] .
The knowledge of water flow conditions within the aquifers of this basin is relatively limited with very little information on piezometry, recharging processes, residence time and water quality.
So, a better assessment of groundwater resources in this area is a strategic point for the sustainable management of water resources, which since the mid-twentieth century is experiencing drought persistence leading to increase climate aridity [4] [5].
This problem mainly affects the surface but certainly also the recharging of groundwater. To be able to know about the evolution of water resources, recent research, under the aegis of the technical cooperation of the International Atomic Energy Agency (IAEA) has led to the application of isotopic technical, which helped acquire data relating to groundwater origin, its flow path and the residence time.
This article is a synthesis of results using isotopes of carbon ( 
Geological and Hydrogeological Setting

Study Area and Hydroclimatology
The Volta river basin in Benin, covers an surface area of 13,590 km 2 , or 13% of the national territory ( Figure 1 ) and 3.4% of the total area of the basin shared It is characterized by a relatively contrasting geomorphology, made up of hill chains to the east and center, and a lowland to the west.
Its altitude gradually increases from 160 m on average in the Pendjari plain to the West, to a maximum of 650 m on the Atacora range to the East.
Half of the North area of the basin is occupied by the Pendjari National Park and the population's rate, in majority rural, is increasing around the park [9] [10]. The annual evapotranspiration average of 1494 mm is much higher than the annual rainfall [12] . The Pendjari River is characterized by a steady flow, with a Journal of Water Resource and Protection 
Geology and Tectonics
The volta river basin in Benin is shrouded essentially in a geological set called of external units (Figure 2 ) [14] - [21] . It's an old Precambrian base cover (Proterozoic Terminal) s.s. (Figure 2(a) ). It is folded with a tabular part that more or less changed by pan-African organ (Figure 2(b) ). In the west, the sedimentary sequences are monoclinic and are the sedimentary basin of Pendjari. They become Figure 2 . Regional geological map (a) of the Volta river basin in Benin, with the geological cross section AB; (b) (According to [15] 
Hydrogeology
This region hydrogeology is not well known so that only few groundwater exploration projects have been carried on in this river. And the conditions are very complex as showed by the data providing from the existing drillings and the wells. The depth of the water changes throughout the basin, but is generally shallow, from 1.7 m to 84 m with the catchments depth from 31 m to 104 m [12] . The aquifer of the deteriorated region and the fracture zones are the major aquifers. As a unit, the altered zone extends about 4 m to 20 m thickness [29] [30] and in most of the village, it is built to supply water through wells digged by hand [31] , but most of the wells dry up during the dry season. O) were analyzed using an LGR DLT 100 laser absorption spectrometer [34] with the same measurements accuracy of ±1.5‰.
For the second campaign, 45 samples were selected for tritium analysis at Isodetect GmbH Laboratory. Those tritium samples were enriched by electrolytic enrichment and tested by the liquid scintillation counting method [35] . It is estimated by tritium unit (TU) matching with one atom for 10 18 hydrogen atom.
Among these 45 samples, 11 were analysed by carbon isotopes at the Energy and Sustainability Research Institute in Groningen during the third campaign.
While carbon-13 was tested with a mass spectrometer, Carbon 14 analysis was performed using the liquid scintillation counting method. They are estimated as percent of modern carbon (pmC) [36] with an average analytical error margin of 0.2 pmC. For carbon-13, the results are estimated in percentage (%) according to Pee Dee Belemnite's rule with an accuracy of ±0.2‰.
Results and Discussion
Water Chemistry
The results about groundwater chemistry and its stables isotopes, were related.
The groundwaters within volta river basin in Benin are characterized by Ca
2+
and Na + and mainly [38].
Two main conclusions can be draw from this diagram. Firstly, the evolution from Ca-HCO 3 or Ca-Mg-Na-HCO 3 to Na-K-HCO 3 show more interactions between groundwater and clay minerals due to isomorphic substitutions and 
Tritium Content in Groundwater
The Variations of tritium content provide an overview of the local recharging mechanism [29] [38] . The tritium values measured in the groundwater samples of the Volta river basin in Benin (Table 1) BV04-02, BV06-02, BV09-02, BV11-02, BV12-02, BV13-02, BV14-02, BV70-02 correspond respectively to the drilling waters of Nanagade, Datori, Tapoga, Porga, Materi, Namoutchaga and BV17-02 from the Atacora formation correspond to the Batia drilling water. All of these define the discharge area as shown by the piezometry (Figure 1 ). This seems to be in agreement with the hydrochemical results, which showed the first main conclusion of groundwater evolution.
Groundwater Age
Carbon Isotopes
The carbon isotopes are determined in the aquifer system in order to get more information on residence time of groundwater and to characterize the water mixing processes and the chemical reactions occurring there [45] . Indeed, according to [43] , when groundwater is very recent, its content in 
Groundwater Age Calculation
As explained by [46] , the term "groundwater age", although practical, may be In short, the data of chemistry (evolution of hydrochemical facies), piezometry and, above all, isotopic data show that the hydrogeological system of the Volta river basin in Benin is made up of sub-units more or less interconnected as 
Conclusions
The isotopes of radiocarbon, of tritium and stable isotopes of oxygen-18 and deuterium in the groundwater of the Volta river basin in Benin have been determined for a better understanding of the recharging source in the shallow aquifer system. Tritium concentrations, although generally low, are very close to current levels of precipitation and show that modern recharging occurs. Radiocarbon and tritium data led to the identification of groundwater with a long residence time of 10 ka.
The groundwater in this basin is characterized by Ca 2+ and Na compositions show that groundwater is not strongly affected by kinetic evaporation and it is due to natural variations in local and regional climatic conditions.
